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Abstract
The sodium hydride based reducing agents were prepared the method of
Caubere (Angew. Chem. Int. Ed. Engl., 1983, 22, 599-613). Reagents were
prepared containing nickel, iron and zinc metals. All were effective in
dechlorinating 1,3-dichlorobenzene, 4-methoxy-chlorobenzene, and arochlor
1254. Most work focused on nickel based reagents, the most active. The
nickel-based reducing agent used in THF at 65°C reduced to 200 ppm
1,3-dichlorobenzene (to benzene) and arochlor 1254 (to biphenyl) to below 0.2
ppm in less than 15 minutes. A two stage reduction reduced arochlor 1254 to
below a detectable level as determined by gas chromatography using f.i.d.
detector. Using 1,3-dichlorobenzene as a model showed that the first halogen
is reduced more rapidly. Accordingly, 4-methoxy-chlorobenzne was reduced to
methoxybenzene less efficiently--but polychlorinated ethers are expected to
react rapidly. The presence of water reduced the activity of the Ni
catalyst--i.e.--reduced the rate of dechlorination. Two staged reductions of
1,3-dichlorobenzene using iron and zinc based catalysts at 65°, 1 hr per
stage, gave more than 99% reduction. Use of the Ni based reagent as catalyst
with hydrogen at 2 atm as reducing agent converted 1,3-dichlorobenzene to
benzene; rate data have yet to be taken. The overall results provide a base
for some additional pilot studies using the iron and zinc based reagents with
the aim of increasing the reagent activity. The results are expected to give
clearer directions for a planned comprehensive study.
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Chapter I.

Introduction

Objectives: We wished to make a preliminary evaluation of recently
developed sodium hydride-based, reducing agents and catalystsl for the
dechlorination ( hence "detoxification") of certain aromatic chl orocarbons.
The target chlorocarbons included, as classes, polychlorobiphenyls (PCB's) .!.,
polychlorinated dibenzodioxins (PCDD's), I, and the related polychlorinated
dibenzofurans (PCOF's), land~.. Our preliminary evaluation included the
following experimental objectives: 1. Quantitative Studies on NaH-based
Reducing Agents. Quantitative data on the efficiency of the reductions of.!.,
!, and 1 were targeted. Batch reduction reactions were to be analyzed with
quantitative gas chromatography. Reducing agents based on Ni, Zn and Fe were
to be tested. 2. H2-Based Catalysts for Reduction. We wished to examine
reduction catalysts based on Ni and co2 for their efficiency in batch process
dehalogenation reactions using H2 at 1-5 atmospheres as the reducing agent.
3. Efficiency of Flow Reactions in Dechlorinations. We aimed to simulate
(crudely) a flow reactor, using the most efficient reducing agent from part A,
by staged batch reactions.
Background, Related Work: PCB's (1) and PCDD's (2) are animal
carcinogens and certain examples of I, for example the publicized
2,3,7,8-tetrachloro-compound, are potently so.2,3 Dioxin homologs l (PCDF's)
have acute toxicity and biological activity profiles similar to compounds I
having the same chlorine substitution pattern.3 PCDF's l are contaminants of
most (if not all) PCB (.!_) preparations and are now believed by many to be
responsible for at least some of the PCB's toxic (carcinogenic?) effects.
Compound class.!., and 2,3,7,8-tetrachloro-DD have been listed by the E.P.A.'s
Carcinogen Assessment Group and appear on O.S.H.A.'s carcinogen "Candidate
Li st". Compounds I and l, because they are byproducts of chl orophenol
(insecticides etc.) and phenoxyacid (herbicides) syntheses, remain a workplace
concern.3 Further, because of the wide distribution (by usage) of both
chlorophenol-based products and PCB's (.!_), all three classes,.!., I and 1_, are
environmental hazards. In fact, the extent of the hazard, while believed to
l

be significant, is not known with certainty. Superimposed on this problem is
the one of disposal of contaminated substances-be ft contaminated water,
herbicide batches, electrical insulating oils, or soil samples. High
temperature incineration can be used to dispose of liquid organic chemical
wastes containing high percentages (more than 70%) of chlorine.4 But because
evidence is accumulating which indicates that PCOD's and PCOF's can be formed
during combustion processes5 such a disposal method can only be carried out in
specifically designed incinerators ( stil 1 an "art"6) preferably located at
remote sites-i.e. at sea. The point is that alternate methods for disposal of
organochlorine-containing wastes are needed. Elsewhere, several are being
investigated: ozonolysis, chlorinolysis, catalytic wet oxidation, and
catalytic dechlorination.2 All of these, including the present work, are
aimed at reducing the organic chlorine content of the waste rendering it much
safer for combustion.
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Chapter II.

Procedures

Scientific Background. The new sodium hydride based reducing agents
and catalysts described by Caubere and coworkersl have been shown to
efficiently reduce aromatic halides (F, Cl, Br) and aliphatic halides {Cl,
Br) under mild conditions. These reducing agents and catalysts are prepared
from NaH, a sodium alcoholate and a metal salt. The reducing agent's
properties can be adjusted by the choice of the alcoholate (t-amylate is
commonly used), the metal salt (salts of Ni, Zn, W, Fe, Mg, Co, have been
used most often), the ratios of components, and the order of mixing of the
c0111ponents. Adjustment of these variables has permitted the tailoring of
reducing agents for highly selective reductions. Thus, Ni-based reducing
agents have been produced which rapidly reduce organic chlorides or bromides
in the presence of -C02H, C=C, C=O, and C:N functional groups.I With these
reducing agents, NaH is the source of hydrogen for the intended reduction.
Modified procedures permit the preparation of reagents which act as catalysts
which use hydrogen gas at atmospheric pressure as the reducing agents.
Example procedure-NaH as reducing agent. Thrice-washed sodium hydride
(0.24 g of mineral oil suspension, 6 mmol) was suspended under N2 in 10 ml of
dried, distilled tetrahydrofuran (THF) by vigorous stirring at 65°C. A
solution of 0.22 ml (0.2 mmol) oft-amyl alcohol in 10 ml THF was added
rapidly. After stirring the mixture for 2 h, the flask was cooled and l mmol
of dried metallic salt (eg. Ni(OAc)2) was added along with 10 ml of THF. Upon
refluxing for up to 4 h the suspension turned from gray to black. Then, 10 ml
of standardized chlorocarbon solutions (in THF) was added and the mixture was
stirred at 65°C for l h. (Chlorocarbon solutions of varied concentration were
prepared so as to yield a selection of concentrations in the range of 500-50
ppm at the start of reduction.) (Small aliquots could be removed from the
reaction and quenched with alcohol for gas chromatographic monitoring if
needed). Excess reducing agent was destroyed either by the addition of a
slight excess of chlorobenzene (at 65°C) or by the addition of a slight excess
oft-amyl alcohol (at room temperature). The reaction mixture was filtered
4

and the residue was washed with THF. The filtrate was made up to 100 ml with
THF and 2 µL aliquots analyzed by gas chromatography.
Complex Reducing Agents as Catalysts. To convert the NaH reducing
agents to catalysts for hydrogenation the order of mixing of the components is
changed. First, THF-washed NaH is stirred under N2 with metal salt (Ni(OAc)2
in this case). Then, a measured amount oft-amyl alcohol in THF is added
slowly at 45°C, and the resulting black suspension was stirred for 3h. The
catalyst can then be transferred to the hydrogenation vessel (Parr apparatus
in this case) or stored. Hydrogenations were conducted in a Parr shaker, in
ethanol at 15 psi (2 atml at room temperature.
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Chapter III.

Su11111ary of Results and Discussion

The reducing agents tested were those reagents containing nickel, iron
and zinc metals. All were effective in dechlorinating 1,3-dichlorobenzene,
4-methoxy-chlorobenzene, (used as a dioxin model) and arochlor 1254. Most
work focused on the nickel based reagent, the most active. A summary of key
results follows. The nickel-based reducing agent used in THF at 65°C reduced
200 ppm 1,3-dichlorobenzene (to benzene) and arochlor 1254 (to biphenyl) to
below 0.2 ppm in less than 15 minutes. A 4-5 fold excess of reducing agent
was used. This estimate is based on comparison of the chromatograms of the
first aliquot taken and of the final, more accurately measured, product
mixture. The final concentration was estimated by comparing chromatograms of
the reduction product mixture and of samples of known concentration. Flame
ionization is not the detector of choice for chlorinated hydrocarbons. We had
planned to use electron capture for a precise determination. But our detector
(old) required refurbishing and was not available for use. The present
result, however, indicated a reduction in P.C.B. concentration to well below
the 50 ppm target level for incineration. A two stage reduction reduced
arochlor 1254 to below a detectable level using f.i .d. detector. Using
1,3-dichlorobenzene as a model and a limited amount of reducing agent showed
that the first halogen is reduced more rapidly. Accordingly,
4-methoxy-chlorobenzene was reduced to methoxybenzene less efficiently--but
polychlorinated ethers are expected to react rapidly. We discovered late in
the project period that the presence of water in the THF solvent produced a
reducing agent (Nil reduced in activity. That is, the rate of reduction of
1,3-dichlorobenzene was reduced. (Water also reduces the amount of hydride
available for reduction, but excess reducing agent was jduged to be available
in these instances.) This finding will necessitate a reassessment of the
findings with iron and zinc. Two staged reductions of 1,3-dichlorobenzene
using iron and zinc based catalysts at 65°, 1 hr per stage, gave more than 99%
reduction. Use of the Ni based reagent as catalyst with hydrogen at 2 atm
(Parr) as reducing agent converted 1,3-dichlorobenzene to benzene; rate data
have yet to be taken.
6

Chapter IV.

Conclusions.

The results are encouraging, but not surpr1s1ng, based on what's been
published about NaH-based reducing agentsl and about the hydrogenolysis of
organic halides.8 Our results give us the impression that the NaH-based
reducing agents and catalysts deserve an extensive examination for their
applicability in reducing chlorocarbon concentrations in various matrixes.
But, two more objectives need to be met before we can be convinced of this.
We need to test Co, Fe and Zn-based hydrogenation catalysts--and get estimates
of reaction rates at l atmosphere pressure. Also, we need to attempt
"carbonylative dechlorination" (CO instead of H2). lf this last objective is
met (i.e. if the reaction can be made to work) we will have demonstrated a new
approach (eg. H2 + CO--synthesis gas) to dechlorination that might be
economically applicable to large seal e dechlorination reactions. We hope that
the chemistry of the last two objectives can be tested before long.
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